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Reconstructionofupperextremity injuries isoftenchallenging
because of the high functional properties of the hand, wrist,
and arm. These injuries occur in a broad range of severity,
frequently affecting patients’ basic daily functioning.1,2 Con-
sequently, they may have a significant impact on work and
social life and are therefore expensive from a personal and
socioeconomic perspective, negatively affecting the general
quality of life (QoL).1–4
Different treatment modalities are available for upper
extremity injuries. However, complex forearm and hand
injuries, specifically with soft tissue loss, often necessitate






Abstract Background Microsurgical reconstruction of upper extremity injuries is often chal-
lenging, and the resulting impact on the quality of life (QoL) may be significant.
However, there is a lack of knowledge on long-term patient-reported QoL.
Methods In a retrospective long-term follow-up study, all consecutive patients with
an upper extremity injury who had undergone a free flap reconstruction were
identified and categorized into three groups based on the type of injury. Patient-
reported upper extremity function and QoL were assessed using three validated
questionnaires: the 36-item Short Form Health Survey (SF-36), the Disabilities of the
Arm, Shoulder, and Hand (DASH) questionnaire, and the Michigan Hand Outcomes
Questionnaire (MHQ).
Results A total of 61 patients were identified, of whom 10% had undergone a free flap
reconstruction for soft tissue loss only, 62% for an injury accompanied by a fracture,
and 28% for a (sub) total amputation. Twenty-one (44%) patients responded to the
questionnaires, with a mean follow-up time of 9.76.2 years. Patients, on average,
reported poorer SF-36 “physical component score” and “role limitations due to physical
health” scores compared with Dutch norms. Also, they reported poorer mean DASH
scores compared with the general population, indicating worse upper extremity
function. Mean MQH scores were lower for the injured side compared with the
noninjured side. Pain correlated negatively with the total scores of DASH, MHQ, and
SF-36.
Conclusion Free flap upper extremity reconstruction is challenging. At 10 years of
follow-up, the injury and its treatment continued to have a significant impact on the
upper extremity function and daily QoL, with chronic pain being an important factor
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reconstruction of these complex upper extremity defects
have become a reliable standard-of-care approach.8–10
Most published studies on upper extremity reconstruc-
tion are retrospective with small study populations or main-
ly focused on surgical techniques and clinical outcomes
without reporting the impact on QoL of these patients.11–13
Since upper extremity injuries may have a major effect on
patients’ functioning, patient-reported outcomes are crucial
to evaluate treatment results.1,14 However, there is a lack of
knowledge about the impact of severity of injury, treatment,
and results, including postoperative complications, on long-
term patient satisfaction and patient-reported outcomes
after these microsurgical procedures.11
Therefore, the first aim of the present study was to assess
long-term patient-reported upper extremity function and
QoL after free flap reconstruction of severe upper extremity
injuries. The second objective was to investigate possible




The present study was a retrospective cross-sectional long-
term follow-up study of all consecutive patients who had
received a free flap for an upper extremity injury between
January 1993 and December 2014 at the Erasmus MC,
Rotterdam, the Netherlands. The Medical Ethical Board of
Erasmus MC approved the study (MEC-2016–345).
Patient Selection
Patients were included if they had undergone a free flap
reconstruction following traumatic injury to the upper
extremity and if surgical follow-up data of at least 30 days
were available. Upper extremity free flap reconstructions for
other indications were excluded.
All patients were treated following the local limb salvage
protocol after traumaticupperextremity injury. Following this
protocol, limb salvage is the treatment of choice. In case of
traumatic amputation, feasibility for replantation is predomi-
nantly assessed based on neurovascular status. Hand and
forearmamputationsarealwaysan indication for replantation.
Replantation of digits occurs when two or more digits are
amputated, with the exception of the thumb, which always
qualifies replantation. Nerve grafts are used for nerve repair to
bridge nerve gaps if necessary. Based on the length and
thickness needed, the graft is harvested from the forearm
(medial or lateral antebrachial cutaneous nerve) or lower leg
(sural nerve). Depending on the level of bone injury, either
primary fixation or arthrodesis is performed. Postoperative
pain management is established on individual needs. No
significant changes have been made to the protocol since its
introduction.
Questionnaires were sent by mail if patients were 18 years
or older, and at least 1-year follow-up was reached, or treat-
ment had been finished. All questionnaires were sent at the
same time in the spring of 2017, regardless of the time after
trauma. Evaluation of patient-reported outcome measures
(PROMs) was performed at one moment in time, resulting in
different follow-up times per patient. No further follow-up
questionnaires were sent. When patients did not respond, a
postal reminder was sent followed by a phone call. Written
informedconsentwasobtained fromall participatingpatients.
Medical Data
Patient-related variables were extracted from electronic
medical records. Patient demographics, details of trauma,
pre-, intra-, and postoperative treatment characteristics, and
short- and long-term outcomeswere collected. The following
relevant comorbidities were scored: hypertension, diabetes
mellitus, and vascular disease. The free flaps used were
categorized into three groups: (1) skin grafted muscle,
myocutaneous, or fasciocutaneous, (2) free bone flaps, and
(3) a combination of multiple free flaps.
Patients were categorized into three groups based on
themain type of traumatic injury: (1) patientswith soft tissue
injury only, (2) patients with injury accompanied by a bone
fracture, and (3) patients with (sub) total amputation(s) at
the level of the upper extremity.
Questionnaires
Patient-reported outcomes were assessed using three vali-
dated questionnaires: the 36-item Short Form Health Survey
(SF-36),15,16 the Disabilities of the Arm, Shoulder, and Hand
(DASH) questionnaire,17–19 and the Michigan Hand Out-
comes Questionnaire (MHQ).20,21 The SF-36 gives insight
into the general health status of patients based on 36
questions divided into eight domains, a physical component
score (PCS), and a mental component score (MCS). The raw
scores vary from 0 to 100, with higher scores indicating a
better functional well-being.15,16 The perception of disabil-
ities and symptoms of the upper extremity were evaluated
with two specific upper extremity questionnaires: the DASH
and MHQ. The DASH is a 30-item questionnaire including
physical functioning items, symptom items, and social or
role functioning items. Questions are scored on a 5-point
Likert scale, and the raw score is transferred to scores ranging
from 0 to 100. A higher score indicatesmore disabilities.17–19
The MHQ gives insight into the hand function based on 63
questions organized in six domains, and also separately
scores the left and right hands. Questions are scored on a
5-point Likert scale, and the raw scores are transferred to
scores ranging from 0 to 100, higher scores indicating a
better hand function.20,21
Statistical Analysis
Patient-related variables were analyzed using descriptive sta-
tistics presented as means with standard deviations or as
numbers with percentages. Univariate analyses using Fisher’s
exact tests, and nonparametric tests were performed to iden-
tify differences between the three groups for categorical and
continuous variables, respectively. Spearman’s correlation
coefficients were used to study relationships between differ-
ent outcomes. The SF-36 scores were compared with Dutch
norms using independent sample Student’s t-tests.16 The total
DASHscorewas comparedwith thenormativevalues reported
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by Hunsaker et al using independent sample Student’s
t-tests.22 No imputations were performed for missing data.
Two-sided p-values of <0.05 were considered statistically
significant. All statistical analyses were performed using the
statistical software SPSS, Version 23 (IBM Corp., Armonk, NY).
Results
Patient Characteristics
Sixty-one consecutive patientswere identifiedwhohad under-
gone a free flap reconstruction for a posttraumatic upper
extremity injury between January 1993 and December 2014.
In group 1, the majority were females (66.7%), in contrast
to groups 2 and 3 where the majority was male (89.5 and
88.2%, respectively). Besides sex (p¼0.012), no statistically
significant differences were found between the three groups
with respect to patient demographics (►Table 1).
Injury Characteristics
The mechanisms of injury varied in group 1; in group 2, in
most cases, crush injuries were part of the mechanism of
injury (57.9%), and in group 3, it concerned crush (29.4%),
amputation (29.4%), or blast injuries (41.2%). Besides mech-
anism of injury (p<0.001), no statistically significant differ-
ences were found between the three groups with respect to
injury characteristics (►Table 1).
Operation Characteristics
In groups 1 and 3, in all cases, a soft tissue flap was used. In
group 2, the majority of reconstructions (73.7%) were with
the use of a soft tissue free flap. Besides the flap type used
(p¼0.031), no statistically significant differenceswere found
between the three groups with respect to operation charac-
teristics (►Table 2).
Postoperative Course and Complications
Twenty-five (40.9%) patients developed a complication, of
whom 11 (18%) developed more than one complication. In
total, 41 postoperative complications were identified, such
as compromised vascularization of the flap (11.5%), surgical
site infection (11.5%), skin necrosis (8.2%), partial flap necro-
sis (8.2%), and complete flap loss (9.8%).
Nineteen (31.1%) patients required reoperation for one or
more complications (►Table 3). The majority (63.4%) of
complications occurred during the early postoperative peri-
od when patients were still admitted to the hospital.
Complete flap loss occurred in six (9.8%) patients, of whom
four had extensive crush injury due to machinery, one had
extensive crush injury due to a severe traffic accident, and one
had an extensive dog bite injury. In case of complete flap loss
(n¼6), threepatients receiveda salvagepedicled (n¼2)or free
(n¼1) flap reconstruction and one patient received vacuum-
assisted closure therapy after which a functional pedicled
reconstruction was performed approximately 2 years later. In
two cases, a secondary amputation was inevitable due to
vascularization problems and progressive necrosis of the flap.
In the other two patients, a secondary amputation was
inevitable due to vascular compromise of the distal upper
extremity due to the extensiveness of traumawithout options
for revascularization. A free flap was used as coverage of the
stump.
No statistically significant differences were found
between the three groups with respect to the postoperative
course (►Table 3).
Patient-Reported Outcomes
Forty-eight patients were eligible for PROMs, of whom 21
(44%) responded to the questionnaires (►Fig. 1), with amean
follow-up time of 9.76.2 years. Patients who responded to
the questionnaires had a significantly higher mean age
compared with those who did not respond (p¼0.023).
Besides age, no other significant differences in patient,
trauma, and postoperative characteristics were found
between responders and nonresponders (►Table 4).
No statistically significant differences were found between
the three groups in terms of mean SF-36 MCS (p¼0.651),
SF-36 PCS (p¼0.776), DASH score (p¼0.189), and total MHQ
score (p¼0.413) (►Table 5)
The severity of injury, timing of operation, level of injury,
and the occurrence of postoperative complications were asso-
ciated with neither the total MHQ scores of the injured hand
(p¼0.385, p¼0.608, p¼0.693, and p¼0.104, respectively)
nor the DASH scores (p¼0.185, p¼0.802, p¼0.484, and
p¼0.157, respectively).
Patients reported significantly poorerMHQ scores of their
injured side compared with their noninjured side, with a
mean total hand score of 66.023.0 versus 85.814.7,
respectively (p¼0.005). Still, 57% of the patients were satis-
fied with the overall hand function of the injured side.
The SF-36 “bodily pain” score showed a significant correla-
tion with the DASH score (ρ¼–0.48; p¼0.032) and the total
MHQ score (ρ¼0.49; p¼0.037). The raw pain score of the
MHQ significantly correlated with the DASH score (ρ¼0.56;
p¼0.017) but not with PCS (ρ¼–0.35; p¼0.139) and MCS
(ρ¼–0.23; p¼0.339).
Patients from the current study, on average, reported
poorer DASH scores (24.223.5) compared with the general
population (p¼0.015). Furthermore, patients reported
much poorer SF-36 PCS and “role limitations due to physical
health” scores compared with Dutch norms (p¼0.004 and
p¼0.016, respectively). For the other SF-36 domains and
MCS, no differences were found (►Table 6).
Discussion
Severe traumatic upper extremity injuries pose a challenge in
preserving theupper limbandoftennecessitatemicrovascular
reconstruction. These reconstructions are necessary not only
for soft tissue repair, but also to maintain an adequate upper
extremity function. Nevertheless, knowledge on the outcomes
after microsurgical reconstruction of these extensive upper
extremity injuries, including long-term patient-reported out-
comes, is missing. The current study showed that after more
than 10 years follow-up, patients reported poorer QoL and
functional outcomes compared with the general population.
However, these results were not related to operation
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indication, complications, severityof injury, level of injury, and
timing of operation. As expected, chronic pain correlatedwith
poorer functional outcomesandthe injuredsideobviouslywas
associated with poorer results compared with the noninjured
side. Still, a majority of the patients were satisfied with the
obtained results.
Severe upper extremity injuries typically need complex
and extensive surgery, leading to long operative times,
prolonged hospitalization, and an increased risk of compli-
cations. In the current study, 11% of the patients developed a
postoperative surgical site infection, all at the recipient site.
In the available literature, postoperative infections after free








Mean age SD, y 40.0 5.9 36.615.2 38.2 15.8 0.854
Mean BMI SD, kg/m2 22.7 2.9 24.64.0 23.9 6.6 0.719
Sex
Male 2 (33.3%) 34 (89.5%) 15 (88.2%) 0.012
Female 4 (66.7%) 4 (10.5%) 2 (11.8%)
Smoker
No 3 (50.0%) 22 (61.1%) 11 (73.3%) 0.550
Yes 3 (50.0%) 14 (38.9%) 4 (26.7%)
Comorbidities
No 6 (100%) 34 (89.5%) 16 (94.1%) 0.493
Yes 4 (10.5%) 1 (5.9%)
Injured side
Left 3 (50.0%) 20 (52.6%) 12 (70.6%) 0.418
Right 3 (50.0%) 18 (47.4%) 5 (29.4%)
Dominant side injured
No 2 (33.3%) 18 (47.4%) 11 (73.3%) 0.393
Yes 2 (33.3%) 15 (39.5%) 3 (17.6%)
Unknown 2 (33.3%) 5 (13.2%) 3 (17.6%)
Location of defect
Upper arm/elbow 1 (16.7%) 3 (7.9%) 1 (5.9%) 0.633
Forearm 2 (33.3%) 13 (34.2%) 3 (17.6%)
Wrist/hand 3 (50.0%) 22 (57.9%) 13 (76.5%)
Extension trauma
Trauma limited to the
upper extremity
6 (100%) 34 (89.5%) 15 (88.2%) 0.514
Polytrauma 4 (10.5%) 2 (11.8%)
Mechanism of injury
Crush 1 (16.7%) 16 (42.1%) 5 (29.4%) <0.001
Avulsion 1 (16.7%) 1 (2.6%)
Degloving 3 (7.9%)
Crush and degloving 1 (16.7%) 4 (10.5%)
Crush and avulsion 2 (5.3%)
Amputation 1 (2.6%) 5 (29.4%)
Firework/blast injury 2 (5.3%) 7 (41.2%)
Sharp/bite injury 2 (33.3%) 1 (7.9%)
Burn injury 1 (16.7%)
Bone fracture 6 (15.8%)
Abbreviation: SD, standard deviation.
Note: The significant value is shown in bold.
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flap reconstruction of upper extremity injuries have been
reported in 7 to 28% patients.5,10,12,13,23
In line with previous studies, the complete free flap
survival rate in the present study was 90%.10,24,25 The
majority of the patients with total flap loss had severe and
extensive crush injuries. In case of vascular flap compromise,
the flap salvage rate after reexploration was 54%, which is in
line with our previous study on risk factors for free flap
failure in 1,530 free flaps.26
Following microsurgical reconstruction of severe upper
extremity injuries, the affected limb often keeps suffering
from functional impairment,8,10,27which has been previous-
ly found by other studies using PROMs.28–32 Although the
reported DASH scores (8–71) and MHQ scores (47–77)
ranged considerably, all authors emphasized limb preserva-
tion as the treatment of choice.28–32 Our results corroborate
these findings and support the statement that extensive
reconstruction is the preferred and often the only treatment
possible for limb and/or function preservation. Although the
mean DASH scores (24) and the mean total MHQ scores (66)
from the present study imply significant functional
impairment, over half of the patients reported to be satisfied.
This satisfaction may indicate the effect of coping after such
severe trauma.33–36 The patient-reported upper extremity
function and QoL, which in the current study were poorer
compared with the general population, indicate the long-
term impact on daily functioning of severe upper extremity
injuries and stresses the need for good patient counseling
and patient expectation management.37
Pain appeared to be an important factor that negatively
affected long-term functional outcomes andQoL. The results of
the present study showed a negative correlation between
chronic pain and total scores of the DASH, MHQ, and SF-36.
This is inaccordancewithpreviousstudies,whichalsoreported
chronic pain as a long-termdisabling symptomafter extremity
injuries.4,38,39 Therefore, early adequate pain management is
advocated to improve long-term functional outcomes and
QoL.4,39 Besides pain, no other significant predictive factors








Operation time, hours:minutes 9:27 2:59 10:583:57 10:332:52 0.600
Ischemia time, hours:minutes 1:22 0:45 1:310:44 1:310:58 0.917
Indication for free flap
Soft tissue defect 5 (83.3%) 26 (68.4%) 15 (88.2%) 0.231
Functional reconstruction 1 (16.7%) 12 (31.6%) 2 (11.8%)
Specification functional reconstruction
Nerve and tendon reconstruction 3 (7.9%) 1 (5.9%) 0.404
First web space reconstruction 1 (2.6%)
Posttraumatic arthroses/nonunion
with pain/functional limitations
1 (16.7%) 7 (18.4%)
Stabilization and nerve reconstruction 1 (2.6%)
Tendon reconstructionþ soft tissue defect 1 (5.9%)
Timing of operation
<6 wk 5 (83.3%) 24 (63.2%) 13 (76.5%) 0.362
>6 wk 1 (16.7%) 13 (34.2%) 3 (17.6%)
Flap type
Soft tissue flap 6 (100%) 28 (73.7%) 17(100%) 0.031
Bone flap 9 (23.7%)
Combination of multiple flaps 1 (2.6%)
Type of arterial anastomosis
End-to-side 1 (16.7%) 16 (42.1%) 9 (52.9%) 0.265
End-to-end 4 (66.7%) 13 (34.2%) 6 (35.3%)
Missing 1 (16.7%) 9 (23.7%) 2 (11.8%)
Type of venous anastomosis
End-to-side 2 (5.3%) 2 (11.8%) 0.496
End-to-end 5 (83.3%) 28 (73.7%) 13 (76.5%)
Missing 1 (16.7%) 8 (21.1%) 2 (11.8%)
Note: The significant value is shown in bold.
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Admission, d 28.7 20.5 19.7 14.3 19.810.8 0.476
Postoperative complication
No 3 (50.0%) 24 (63.2%) 9 (52.9%) 0.695
Yes 3 (50.0% 14 (36.8%) 8 (47.1%)
Reoperation due to complication
No 1 (16.7%) 2 (5.3%) 3 (17.6%) 0.435
Yes 2 (33.3%) 12 (31.6%) 5 (29.4%)
Complications that required reoperation
Vascular compromise flap 1 (16.7%) 6 (15.8%) 4 (23.5%)
Partial flap necrosis 1 (16.7%) 2 (5.3%) 1 (5.9%)




No 5 (83.3%) 33 (86.8%) 17 (100%) 0.121
Yes 1 (16.7%) 5 (13.2%)
Secondary amputation
No 6 (100%) 35 (92.1%) 16 (94.1%) 0.617
Yes 3 (7.9%) 1 (5.9%)
Fig. 1 Flowchart of the responders to the patient-reported outcome measures. Group 1: patients with soft tissue injury only. Group 2: patients
with injury accompanied by a bone fracture. Group 3: patients with (sub) total amputation(s) at the level of the upper extremity.
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for a poor functional outcome could be identified, possibly due
to the low power of the current study.
The response rate to the questionnaires was rather low
despite reminder phone calls and a second mailing. The low
response rate can be explained by factors associated with
nonresponse, such as younger age, and male sex, since the
majorityof thecurrentstudypopulationwereyoungmales.40,41
Other studies reportedpoorer outcomesof nonresponders than
Table 4 Characteristics of 27 nonresponders compared with 21 responders with a free flap reconstruction for a severe
posttraumatic upper extremity injury
Nonresponders (n¼27) Responders (n¼ 21) p-Value
Mean age SD, y 32.4 13.6 41.713.3 0.023
Mean follow-up time SD, y 10.1 6.2 9.76.2 0.851
Sex
Male 25 (92.6%) 15 (71.4%) 0.115
Female 2 (7.4%) 6 (28.6%)
Smoker
No 13 (52.0%) 13 (65.0%) 0.380
Yes 12 (48.0%) 7 (35.0%)
Comorbidities
No 25 (92.6%) 20 (95.2%) 1.000
Yes 2 (7.4%) 1 (4.8%)
Type of injury
Soft tissue injury only 1 (3.7%) 3 (14.3%) 0.374
Fracture 19 (70.4%) 12 (57.1%)
(sub) total amputation 7 (25.9%) 6 (28.6%)
Dominant side injured
No 14 (51.9%) 11 (52.4%) 0.626
Yes 8 (29.6%) 8 (38.1%)
Unknown 5 (18.5%) 2 (9.5%)
Extension trauma
Trauma limited to the upper extremity 25 (92.6%) 18 (85.7%) 0.641
Polytrauma 2 (7.4%) 3 (14.3%)
Timing of operation
<6 wk 17 (65.4%) 14 (70.0%) 0.741
>6 wk 9 (34.6%) 6 (30.0%)
Complicated course
No 16 (59.3%) 13 (61.9%) 0.853
Yes 11 (40.7%) 8 (38.1%)
Abbreviation: SD, standard deviation.
Note: The significant value is shown in bold.









SF-36 PCS, mean SD 43.7 9.9 46.18.3 42.612.3 0.776
SF-36 MCS, mean SD 46.8 14.0 53.610.7 51.210.7 0.651
DASH total score, mean SD 30.3 30.6 17.021.8 34.222.9 0.189
MHQ total score of the
injured side, mean SD
76.0 5.0 68.726.3 55.917.4 0.413
Abbreviations: DASH, Disabilities of the Arm, Shoulder, and Hand questionnaire; MHQ, Michigan Hand outcomes Questionnaire; MCS, mental
component score; PCS, physical component score; SD, standard deviation; SF-36, 36-item Short-Form Health Survey.
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responders.42,43 However, besides older age, no differences in
patient, clinical, and operation characteristics were found
between responders and nonresponders. Therefore, we pre-
sume that responders were representative of the entire patient
cohort.
This study was limited by its retrospective design, which
resulted in missing data. Although no statistically significant
differences were found, these missing data in combination
with the rather low response rate could have resulted in some
bias. Another limitationwas the large variation in patients and
their injury and operation characteristics. Based on the type of
injury, patients were categorized into three groups to be able
to make meaningful comparisons. However, there still
remained large intragroup variations in the mechanisms of
injury, severity of injury, extensiveness of injury, and opera-
tion characteristics, probably causing a large variation in
clinical and patient-reported outcomes. However, the power
of the current study was too small to correct for these
variations and performmultivariate analysis. Therefore, these
outcomes should be interpreted with care.
Table 6 SF-36 and DASH patient-reported outcomes of 21 patients with a free flap reconstruction for a severe posttraumatic upper
extremity injury compared with the general population
Study population General population p-Value
SF-36: physical functioning
n 21 1,718 0.279
Mean standard deviation 79.2 16.3 83.2 22.6
SF-36: role limitations due to physical health
n 21 1,693 0.004
Mean standard deviation 53.6 43.5 76.6 36.1
SF-36: bodily pain
N 21 1,729 0.059
Mean standard deviation 65.3 26.5 75.0 23.3
SF-36: role limitation due to emotional problems
N 21 1,686 0.835
Mean standard deviation 81.0 37.4 82.5 32.8
SF-36: general health perception
N 21 1,705 0.859
Mean standard deviation 70.1 18.2 70.9 20.6
SF-36: vitality
N 21 1,715 0.654
Mean standard deviation 66.7 19.2 68.6 19.3
SF-36: social functioning
N 21 1,729 0.308
Mean standard deviation 79.2 25.4 84.2 22.3
SF-36: mental health
N 21 1,714 0.448
Mean standard deviation 74.0 18.1 76.9 17.4
SF-36: PCS
N 21 1,657 0.016
Mean standard deviation 44.7 9.4 50.0 10.0
SF-36: MCS
N 21 1,657 0.363
Mean standard deviation 52.0 10.8 50.0 10.0
DASH: total score
N 20 1,706 0.015
Mean standard deviation 24.2 23.5 10.1 14.7
Abbreviations: DASH, Disabilities of the Arm, Shoulder, and Hand questionnaire; MCS, mental component score; PCS, physical component score; SF-
36, 36-item Short-Form Health Survey.
Note: The significant value is shown in bold.
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Free flap reconstruction of severe upper extremity injuries is
an effective method to manage extensive posttraumatic
defects of the upper extremity. At 10 years of follow-up,
the injury and its treatment continued to have a clear impact
on daily QoL, with chronic pain being an important factor
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